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Abstract
An attempt is made to present the influence of the scalar unparticle on some scattering processes
in the Randall - Sundum model. The contribution of the scalar unparticle on the production of
Higgs - radion at high energy colliders is studied in detail. We evaluate the production cross-sections
in the electron-positron (e+e−), photon-photon (γγ) and gluon-gluon (gg) collisions, which depend
strongly on the collision energy
√
s, the scaling dimension dU of the unparticle operator OU and
the energy scale ΛU . Numerical evaluation shows that the cross - sections for the pair production
of scalar particles are much larger than that of the associated production of the scalar particle with
unparticle under the same conditions.
Keywords: scalar unparticle, Randall-Sundrum model, electron, photon, cross-section.
I Introduction
The Standard model (SM) is the successful model in describing the elementary particle physics. Re-
cently, the 125 GeV Higgs is discovered by the ATLAS and CMS collaborations [1, 2], which has
completed the particle spectrum of the SM. Although the SM has been considered to be successful
model, the model suffers from many theoretical drawbacks. In 1999, Lisa Randall and Raman Sun-
drum suggested the Randall-Sundrum (RS) model to extend the SM and solve the hierarchy problem
naturally [3,4]. The RS setup involves two three-branes bounding a slice of 5D compact anti-de Sitter
space. Gravity is localized at the UV brane, while the SM fields are supposed to be localized at the
IR brane. The separation between the two 3-branes leads directly to the existence of an additional
scalar called the radion (φ ), corresponding to the quantum fluctuations of the distance between the
two 3-branes [5–7].
In the Lagrangian of the Standard model, the scale invariance is broken at or above the electroweak
scale [8,9]. The scale invariant sector has been considered as an effective theory at TeV scale and that
if it exists, it is made of unparticle suggested by Geogri [10,11]. Based on the Banks-Zaks theory [12],
unparticle stuff with nontrivial scaling dimension is considered to exist in our world. The invariant
Banks-Zaks field can be connected to the SM particles [13]. Recently, the possibility of the unparticle
has been studied with CMS detector at the LHC [14,15].
The effects of unparticle on properties of high energy colliders have been intensively studied in
Refs. [16–26]. However, the influence of scalar unparticle on the production of particles at the high
energy colliders have not yet been concerned in the RS model. In this work, the contribution of the
scalar unparticle on the production of Higgs - radion at the e+e−, γγ and gg colliders are studied in
detail. The layout of this paper is as follows. In Section II, we give a review of the RS model and
the mixing of Higgs-radion. The contribution of the scalar unparticle on the production of Higgs -
radion at high energy colliders are calculated in Section III. Finally, we summarize our results and
make conclusions in Section IV.
1soadangvan@gmail.com
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II A review of Randall-Sundrum model and the mixing of Higgs-
radion
The RS model is based on a 5D spacetime with non - factorizable geometry. The single extra dimension
is compactified on an S1/Z2 orbifold of which two fixed points accommodate two three-branes (4D
hyper-surfaces), the UV brane and the IR brane. The four dimensional effective action is obtained by
integrating out the extra dimension. The classical action describing the above set-up is given by [3]
S = Sgravity + SIR + SUV , (1)
Sgravity =
∫
d5x
√−G (−Λ + 2M3R) , (2a)
SIR =
∫
d4x
√−gIR(LIR − VIR), (2b)
SUV =
∫
d4x
√−gUV (LUV − VUV ), (2c)
where M is the five dimensional Planck scale, G = detGMN , Λ is a bulk cosmological constant, R
is the 5D Ricci scalar. In the RS model, the values of the bare parameters are determined by the
Planck scale and the applicable value for size of the extra dimension is assessed by krcpi ' 35 (rc -
the compactification radius and k - the bulk curvature). Thus the weak and the gravity scales can be
naturally generated. Consequently, the hierarchy problem is addressed. The gravity-scalar mixing is
described by the following action [5]
Sξ = ξ
∫
d4x
√
gvisR(gvis)Hˆ
+Hˆ, (3)
where ξ is the mixing parameter, R(gvis) is the Ricci scalar for the metric g
µν
vis = Ω
2
b(x)(η
µν + εhµν)
induced on the visible brane, Ωb(x) = e
−krcpi(1+ φ0Λφ ) is the warp factor, φ0 is the canonically normalized
massless radion field, Hˆ is the Higgs field in the 5D context before rescaling to canonical normalization
on the brane. With ξ 6= 0, there is neither a pure Higgs boson nor pure radion mass eigenstate. This
ξ term mixes the h0 and φ0 into the mass eigenstates h and φ as given by(
h0
φ0
)
=
(
1 6ξγ/Z
0 −1/Z
)(
cos θ sin θ
− sin θ cos θ
)(
h
φ
)
=
(
d c
b a
)(
h
φ
)
, (4)
where Z2 = 1+6γ2ξ (1− 6ξ) = β−36ξ2γ2 is the coefficient of the radion kinetic term after undoing the
kinetic mixing, γ = υ/Λφ, υ = 246 GeV, a = −cosθ
Z
, b =
sinθ
Z
, c = sinθ+
6ξγ
Z
cosθ, d = cosθ− 6ξγ
Z
sinθ.
The mixing angle θ is
tan 2θ = 12γξZ
m2h0
m2φ0 −m2h0 (Z2 − 36ξ2γ2)
, (5)
where mh0 and mφ0 are the Higgs and radion masses before mixing. The new physical fields h and φ
in (4) are Higgs-dominated state and radion, respectively
m2h,φ =
1
2Z2
[
m2φ0 + βm
2
h0 ±
√
(m2φ0 + βm
2
h0
)2 − 4Z2m2φ0m2h0
]
. (6)
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Feynman rules for the couplings of Higgs and radion are showed as follows
V (h, f, f) = igffh = −i
gmf
2mW
(d+ γb) , (7)
V (φ, f, f) = igffφ = −i
gmf
2mW
(c+ γa) , (8)
V (h, γµ(k1), γµ(k2)) =iCγh [(k1k2)η
µν − kν1kµ2 ]
=− i α
2piυ0
(
(d+ γb)
∑
i
e2iN
i
cFi(τi)− (b2 + bY )γb
)
× [(k1k2)ηµν − kν1kµ2 ] ,
(9)
V (φ, γµ(k1), γµ(k2)) =iCγφ [(k1k2)η
µν − kν1kµ2 ]
=− i α
2piυ0
(
(c+ γa)
∑
i
e2iN
i
cFi(τi)− (b2 + bY )γa
)
× [(k1k2)ηµν − kν1kµ2 ] .
(10)
V (h, gµ,a(k1), gµ,b(k2)) =iCghδ
ab [(k1k2)η
µν − kν1kµ2 ]
=− i αs
4piυ0
(
(d+ γb)
∑
i
F1/2(τi)− 2b3γb
)
× δab [(k1k2)ηµν − kν1kµ2 ] ,
(11)
V (φ, gµ,a(k1), gµ,b(k2)) =iCgφδ
ab [(k1k2)η
µν − kν1kµ2 ]
=− i αs
4piυ0
(
(c+ γa)
∑
i
F1/2(τi)− 2b3γa
)
× δab [(k1k2)ηµν − kν1kµ2 ] ,
(12)
where b3 = 7, b2 = 19/6, bY = −41/6 are the SU(2)L ⊗U(1)Y β-function coefficients in the SM.
The auxiliary functions of the h and φ are given by
F1/2(τ) = −2τ [1 + (1− τ)f(τ)], (13)
F1(τ) = 2 + 3τ + 3τ(2− τ)f(τ), (14)
with
f(τ) =
(
sin−1
1√
τ
)2
(for τ > 1), (15)
f(τ) = −1
4
(
ln
η+
η−
− ipi
)2
(for τ < 1), (16)
η± = 1±
√
1− τ , τi =
(
2mi
ms
)2
. (17)
mi is the mass of the internal loop particle (including quarks, leptons and W boson), ms is the mass
of the scalar state (h or φ). Here, τf =
(
2mf
ms
)2
, τW =
(
2mW
ms
)2
denote the squares of fermion and
W gauge boson mass ratios, respectively. There are four independent parameters Λφ, mh, mφ, ξ
that must be specified to fix the state mixing parameters. We consider the case of Λφ = 5 TeV and
m0
MP
= 0.1, which makes the radion stabilization model most natural [6, 7].
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III The contribution of the scalar unparticle on the production of
Higgs - radion at high energy colliders
The effects of unparticle on properties of high energy colliders have been intensively studied in Refs.
[16–26]. In the rest of this work, we restrict ourselves by considering only scalar unparticle. The scalar
unparticle propagator is given by [9, 11]
∆scalar =
iAdU
2sin(dUpi)
(−q2)dU−2, (18)
where
AdU =
16pi2
√
pi
(2pi)2dU
Γ
(
dU +
1
2
)
Γ(dU − 1)Γ(2dU ) , (19)
(−q2)dU−2 =
{
|q2|dU−2e−dUpi for s-channel process, q2 is positive,
|q2|dU−2 for u-, t-channel process, q2 is negative. (20)
The effective interactions for the scalar unparticle operators are given by
λff
1
ΛdU−1U
ffOU , λff
1
ΛdU−1U
fiγ5fOU , λff
1
ΛdUU
fγµf(∂µOU ), λgg
1
ΛdUU
GαβG
αβOU , λhh
1
ΛdU−2U
H+HOU ,
(21)
where Gαβ denotes the gauge field strength and f stands for a standard model fermion. Feynman rules
for the couplings of the scalar unparticle in the RS model are showed as follows
gffU = igffU = i
λff
ΛdU−1U
, (22)
gγγU = −igγγU [(p1p2)ηµν − pν1pµ2 ] = −4i
λγγ
ΛdUU
[(p1p2)η
µν − pν1pµ2 ] , (23)
gggU = −igggU [(p1p2)ηµν − pν1pµ2 ] = −4i
λgg
ΛdUU
[(p1p2)η
µν − pν1pµ2 ] , (24)
ghhU = −ighhU = −i
λhh
ΛdU−2U
, (25)
gφφU = −igφφU = −i
λφφ
ΛdU−2U
. (26)
Using the above formulas, we will study the effect of the scalar unparticle on some high energy
scatterings in the RS model. We note here that in our previours works [27–29] we have shown that the
detection of scalar particles in the RS model at high energy colliders would provide a clear evidence
of new physics beyond the SM. Now we will investigate the contribution of the scalar unparticle on
the production of Higgs - radion in the RS model at high energy colliders, such as e+e−, γγ and gg
collisions in which Feynman diagrams are considered in detail in Appendix A.
1. The e+e− → hh/φφ collisions
Now we consider the collision process in which the initial state contains electron and positron, the final
state contains the couple of the scalar particles (Higgs or radion). We note here that the contribution
of the scalar unparticle is by the propagator in the s - channel
e−(p1) + e+(p2) φ, h, U−−−−→ X(k1) +X(k2), (27)
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where X is Higgs or radion. The transition amplitude is given by
Ms =− i
(
geeφgXXφ
q2s −m2φ
+
geehgXXh
q2s −m2h
)
v(p2)u(p1)
− igeeUgXXU
AdU
2sin(dUpi)
(−q2s)dU−2v(p2)u(p1),
(28)
Mu = −igeeXgeeXv(p2)
(/qu +me)
q2u −m2e
u(p1), (29)
Mt = −igeeXgeeXv(p2)
(/qt +me)
q2t −m2e
u(p1). (30)
Here, qs = p1 + p2 = k1 + k2, qu = p1 − k2 = k1 − p2, qt = p1 − k1 = k2 − p2 and s = (p1 + p2)2 is the
square of the collision energy. From the expressions of the differential cross-section [30]
dσ
d(cosψ)
=
1
32pis
|−→k 1|
|−→p 1| |Mfi|
2, (31)
where |Mfi|2 = |Ms|2 + |Mu|2 + |Mt|2 + Re (M∗sMu +M∗uMs +M∗sMt +M∗tMs +M∗uMt +M∗tMu),
ψ = (−→p 1,−→k 1) is the scattering angle. The model parameters are chosen as: λff = λhh = λφφ = λ0 = 1,
ΛU = 1000 GeV, 1 < dU < 2 in case of the scalar unparticle [22], mh = 125 GeV, mφ = 10 GeV [27,28].
We give estimates for the cross-sections which depend on the collision energy
√
s, the scaling dimension
dU of the unparticle operator OU and the energy scale ΛU as follows
i) In Fig.1 we plot the total cross-sections as the function of dU . The collision energy is chosen as√
s = 500 GeV and 1.1 ≤ dU ≤ 1.9. From the Fig.1 we can see that in case of the additional
scalar unparticle propagator, the cross sections decrease rapidly as dU increases and they are flat when
dU > 1.6.
ii) In Fig.2 we evaluate the dependence of the total cross-sections on the collision energy
√
s. The
collision energy is chosen in the range of 500 GeV≤ √s ≤ 1000 GeV (ILC), the various dU is chosen as
1.1, 1.3, 1.5, 1.7, respectively. The figure shows that the total cross-sections decrease when the collision
energy
√
s increases. It is worth noting that with the contribution of the scalar unparticle propagator,
the cross-sections for pair production of scalar particles are much enhanced.
iii) In Fig.3 we evaluate the dependence of the total cross-sections on the ΛU at the fixed collision
energy,
√
s = 500 GeV. In case of the additional scalar unparticle propagator, the cross-sections
increase rapidly in the region of 2 TeV ≤ ΛU ≤ 5 TeV. Note that here we only plot the maximum
cross-sections based on Fig.1.
2. The e+e− → Uh/Uφ collisions
In this section, we investigate the associated production of the scalar particle with unparticle at high
energy e+e− colliders in which the scalar unparticle contribution on the scattering process is in the
final state
e−(p1) + e+(p2)φ, h−−→ X(k1) + U(k2). (32)
The transition amplitude can be given as follows
Ms = i
geeXgXXU
q2s −m2X
v(p2)u(p1) (33)
Mu = −igeeXgeeU
q2u −m2e
v(p2)(/qu +me)u(p1), (34)
Mt = −igeeXgeeU
q2t −m2e
u(p1)(/qt +me)v(p2). (35)
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With the parameters chosen as above, we give some estimates for the cross-sections with the contribu-
tion of scalar unparticle as follows
i) In Fig.4 we plot the total cross-sections as the function of dU . We can see from the figure that
the curve of the cross-sections is similar to Fig.1. That is, the cross-sections decrease rapidly as dU
increases.
ii) In Fig.5 we evaluate the dependence of the total cross-sections on the collision energy
√
s with the
various dU . The result shows that the cross-sections decrease as the collision energy
√
s increases.
Note that the curve of the cross-sections is flat at very high energies.
iii) The dependence of the total cross-sections on the ΛU at the fixed collision energy,
√
s = 500 GeV
is shown Fig.6. The figures show that the total cross-section for the associated production in the
e+e− → Uh collision is about 103 times larger than that in the e+e− → Uφ collision. Numerical values
for the production cross section with dU = 1.1 are given in detail in Table 1. We can see from Table
1 that the cross-sections for the pair production of scalar particles are much larger than that of the
associated production of scalar particles with unparticle under the same conditions. It is worthing to
note that, when the collision energy increases, the total cross-section in the e+e− → φφ collision is
insignificantly larger than that in e+e− → hh collision.
3. The γγ → hh/φφ collisions
In this section, we consider the collision process in which the initial state contains the couple of photons,
the final state contains the couple of scalar particles. The Feynman diagram is given by
γ(p1) + γ(p2)φ, h, U−−−−→ X(k1) +X(k2). (36)
We obtain the results in the s, u, t - channels
Ms =
[
−
(
Cγφ
gφXX
q2s −m2φ
+ Cγh
ghXX
q2s −m2h
)
− 4igXXU
λγγ
ΛdUU
AdU
2sin(dUpi)
(−q2s)dU−2
]
× εα(p1)
[
(p1p2) η
αβ − pβ1pα2
]
εβ(p2),
(37)
Mu = iCγXCγX
1
q2u
[
(p2qu) η
ν
ρ − p2ρqνu
]
εν(p2) [(p1qu) η
µρ − pρ1qµu ] εµ(p1), (38)
Mt = iCγXCγX
1
q2t
[(p1qt) η
µ
σ − p1σqµt ] εµ(p1) [(p2qt) ηνσ − pσ2qνt ] εν(p2). (39)
Now we estimate the production cross-sections with the contribution of the scalar unparticle propaga-
tor as follows
i) In Fig.7 we plot the total cross-sections in the γγ → hh/φφ collisions as the function of dU . The
collision energy is chosen as
√
s = 3000 GeV (CLIC) and 1.1 ≤ dU ≤ 1.9. We can see from the figure
that, the curve goes through the minimum value at dU = 1.65 and then increases rapidly with dU .
ii) In Fig.8 we plot the total cross-sections as a function of the collision energy
√
s. The collision energy
region is 1TeV ≤ √s ≤ 5TeV . The total cross-sections decrease gradually as √s increases with the
fixed dU .
iii) In Fig.9 we plot the dependence of the total cross-sections on the energy scale ΛU with the param-
eters chosen as above. The figure shows that the cross-sections decrease gradually as the ΛU increases.
4. The γγ → Uh/Uφ collisions
In this section, we investigate the unparticle contribution on γγ → Uh/Uφ collisions
γ(p1) + γ(p2)φ, h−−→ X(k1) + U(k2). (40)
6
The transition amplitude can be written as follows
Ms = iCγX
gXXU
q2s −m2X
εα(p1)
[
(p1p2) η
αβ − pβ1pα2
]
εβ(p2), (41)
Mu = −iCγXgγγU
1
q2u
[
(p2qu) η
ν
ρ − p2ρqνu
]
εν(p2) [(p1qu) η
µρ − pρ1qµu ] εµ(p1), (42)
Mt = −iCγXgγγU
1
q2t
[(p1qt) η
µ
σ − p1σqµt ] εµ(p1) [(p2qt) ηνσ − pσ2qνt ] εν(p2). (43)
We estimate the cross-sections for the associated production as follows
i) In Fig.10 we plot the total cross-sections as the function of dU with the parameters chosen as in
previous items. The figure shows that the curve of the cross section is similar to Fig.1. We can see
that the cross section decreases rapidly as dU increases and it is flat with dU > 1.6.
ii) In Fig.11 we evaluate the dependence of the total cross-sections on the collision energy
√
s with the
fixed dU . The figure shows that when the collision energy
√
s increases then the total cross-sections
increase gradually.
iii) In Fig.12 we plot the dependence of the total cross-sections on the ΛU . The figure shows that in
the region 1 TeV ≤ ΛU ≤ 5 TeV the cross-sections decrease gradually as ΛU increases.
Some typical values for cross-sections are given in detail in Table 2. The result shows that the cross-
sections for pair production of scalar particles are much larger than that of the associated production.
Moreover, the total cross-section in γγ → Uh collision is larger than that in γγ → Uφ collision under
the same conditions.
5. The gg → hh/φφ collisions
Now we consider the gg → hh/φφ process which is similar to the γγ → hh/φφ process. The reaction
is given by
g(p1) + g(p2)φ, h, U−−−−→ X(k1) +X(k2). (44)
The transition amplitude for this process can be written as
Ms =
[
−
(
Cgφ
gφXX
q2s −m2φ
+ Cgh
ghXX
q2s −m2h
)
− 4igXXU
λgg
ΛdUU
AdU
2sin(dUpi)
(−q2s)dU−2
]
× εα(p1)
[
(p1p2) η
αβ − pβ1pα2
]
εβ(p2),
(45)
Mu = iCgXCgX
1
q2u
[
(p2qu) η
ν
ρ − p2ρqνu
]
εν(p2) [(p1qu) η
µρ − pρ1qµu ] εµ(p1), (46)
Mt = iCgXCgX
1
q2t
[(p1qt) η
µ
σ − p1σqµt ] εµ(p1) [(p2qt) ηνσ − pσ2qνt ] εν(p2). (47)
We evaluate the cross-sections as follows
i) In Fig.13 we plot the total cross-sections in the gg → hh/φφ collisions as the function of dU . We
can see from the figure that the shape of the cross-section is similar to Fig.7. That is, the curve of the
cross-sections goes through the minimum value and then increases rapidly with dU .
ii) In Fig.14 we plot the total cross-sections as a function of the collision energy
√
s. The figure
shows that, the cross-sections decrease as
√
s increases. The total cross-section in gg → φφ collision is
insignificantly larger than that in gg → hh collision.
iii) In Fig.15 we plot the dependence of the total cross-sections on the ΛU . We can see that in the
region 1 TeV ≤ ΛU ≤ 5 TeV, the cross-sections decrease as ΛU increases.
6. The gg → Uh/Uφ collisions
Finally, we study the contribution of the scalar unparticle on the associated production in gg → Uh/Uφ
collisions
g(p1) + g(p2)φ, h−−→ X(k1) + U(k2). (48)
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We obtain the transition amplitude in the s, u, t - channels
Ms = iCgX
gXXU
q2s −m2X
εα(p1)
[
(p1p2) η
αβ − pβ1pα2
]
εβ(p2), (49)
Mu = −iCgXgggU
1
q2u
[
(p2qu) η
ν
ρ − p2ρqνu
]
εν(p2) [(p1qu) η
µρ − pρ1qµu ] εµ(p1), (50)
Mt = −iCgXgggU
1
q2t
[(p1qt) η
µ
σ − p1σqµt ] εµ(p1) [(p2qt) ηνσ − pσ2qνt ] εν(p2). (51)
We estimate the cross-sections for associated production as follows
i) In Fig.16 we plot the total cross-sections as the function of dU . From the figure we can see that the
cross section decreases rapidly as dU increases and it is flat when dU > 1.45.
ii) In Fig.17 we evaluate the dependence of the total cross-sections on the collision energy
√
s with the
fixed dU . The figure shows that when the collision energy
√
s increases in the region 1TeV ≤ √s ≤
5TeV then the total cross-sections increase. The total cross-section in gg → Uh collision is larger than
that in gg → Uφ collision.
iii) In Fig.18 we plot the dependence of the total cross-sections on the ΛU . The figure shows that the
cross-sections decrease as ΛU increases. Some numerical values for cross sections in case of dU = 1.1
are given in Table 3.
IV Conclusion
In this paper, we have evaluated the contribution of the scalar unparticle on the production cross-
sections of Higgs - radion in the Randall- Sundrum model at the (e+e−), (γγ) and (gg) colliders, which
depend strongly on the collision energy
√
s, the scaling dimension dU of the unparticle operator OU
and the energy scale ΛU . The results indicate that the cross - sections for the pair production of scalar
particles are much larger than that of the associated production of scalar particle with the unparticle
under the same conditions.
In the e+e− → hh/φφ collisions, the production cross - section decreases as the collision energy √s
increases. With the contribution of the scalar unparticle propagator, the cross-sections for the pair
production of scalar particles are much enhanced while the cross-sections for the associated production
in e+e− → Uh/Uφ collisions are very small. Numerical evaluation has shown that the cross-sections
for the pair production of scalar particles are about 1015 times larger than that of the associated pro-
duction under the same conditions.
In the γγ → hh/φφ collisions, due to the main contribution of scalar unparticle on the propagator
in the s-channel, the cross - sections decrease as
√
s increases while the cross-sections for the associated
production increase as
√
s increases. This is because the unparticle couplings in u,t channels give the
main contribution on the γγ → Uh/Uφ scattering process. However, the production cross-sections in
γγ → hh/φφ collisions are much larger than that of γγ → Uh/Uφ collisions (about 105 times) under
the same conditions.
In the gg → hh/φφ collisions, the cross-sections for the pair production of the scalar particle decrease
rapidly first and then increase as
√
s increases, while the cross-sections for the associated production
increase as
√
s increases, which is similar to γγ → Uh/Uφ process. Numerical evaluation has shown
that the cross-sections of the associated production in the gg collisions are much larger than that in
the γγ collisions under the same conditions. This is because the scalar couplings with gluon are larger
than that with the photon.
Finally, we emphasize that in this work we have considered only on a theoretical basis, other prob-
lems concerning the scalar unparticle signals at LHC the readers can see in detail in Ref. [25] .
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Figure 1: The cross-section as a function of the dU in a) e
+e− → hh collisions, (b) e+e− → φφ
collisions. The parameters are chosen as
√
s = 500 GeV, ΛU = 1000 GeV.
Figure 2: The total cross-section as a function of the collision energy
√
s in (a) e+e− → hh collision
through φ, h propagators, (b) e+e− → hh collision through φ, h, U propagators, (c) e+e− → φφ collision
through φ, h propagators, (d) e+e− → φφ collision through φ, h, U propagators. The energy scale ΛU
is chosen as 1000 GeV. The various dU is chosen as 1.1, 1.3, 1.5, 1.7, respectively.
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Figure 3: The total cross-section as a function of the energy scale ΛU in (a) e
+e− → hh collisions, (b)
e+e− → φφ collisions. The parameters are taken to be √s = 500 GeV, dU = 1.1.
Figure 4: The cross-section as a function of the dU in (a) e
+e− → Uh collision, (b) e+e− → Uφ
collision. The parameters are chosen as
√
s = 500 GeV, ΛU = 1000 GeV.
Figure 5: The cross-section as a function of the collision energy
√
s in (a) e+e− → Uh collision, (b)
e+e− → Uφ collision. The energy scale ΛU is chosen as 1000 GeV. The dU is chosen as 1.1, 1.3, 1.5,
respectively.
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Figure 6: The total cross-section as a function of ΛU with dU = 1.1 in (a) e
+e− → Uh collision, (b)
e+e− → Uφ collision. The collision energy √s is chosen as 500 GeV.
Figure 7: The cross-section as a function of the dU in (a)γγ → hh collision, (b)γγ → φφ collision. The
parameters are chosen as
√
s = 3000 GeV, ΛU = 1000 GeV.
Figure 8: The total cross-sections as a function of the collision energy
√
s in (a) γγ → hh collision
through φ, h, U propagators, (b)γγ → φφ collision through φ, h, U propagators. The energy scale ΛU
is chosen as 1000 GeV. The various dU is chosen as 1.1, 1.2, 1.3, respectively.
13
Figure 9: The total cross-section as a function of ΛU with dU = 1.1 in (a)γγ → hh collision, (b)γγ → φφ
collision. The collision energy
√
s is chosen as 3000 GeV.
Figure 10: The cross-section as a function of the dU in (a)γγ → Uh collision, (b)γγ → Uφ collision.
The parameters are taken to be
√
s = 3000 GeV, ΛU = 1000 GeV.
Figure 11: The total cross-section as a function of the collision energy
√
s in (a) γγ → Uh collision,
(b) γγ → Uφ collision. The energy scale ΛU is chosen as 1000 GeV. The dU is chosen as 1.1, 1.2, 1.3,
respectively.
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Figure 12: The total cross-section as a function of ΛU with dU = 1.1 in (a) γγ → Uh collision, (b)
γγ → Uφ collision . The collision energy √s is chosen as 3000 GeV.
Figure 13: The cross-section as a function of the dU in (a)gg → hh collision, (b)gg → φφ collision.
The parameters are taken to be
√
s = 3000 GeV, ΛU = 1000 GeV.
Figure 14: The total cross-sections as a function of the collision energy
√
s in (a) gg → hh collision
through φ, h, U propagators, (b) gg → φφ collision through φ, h, U propagators. The energy scale ΛU
is chosen as 1000 GeV. The various dU is chosen as 1.1, 1.2, 1.3, respectively.
15
Figure 15: The total cross-section as a function of ΛU in (a)gg → hh collision, (b)gg → φφ collision.
The parameters are chosen as
√
s = 3000 GeV, dU = 1.1.
Figure 16: The cross-section as a function of the dU in (a)gg → Uh collision, (b)gg → Uφ collision.
The parameters are taken to be
√
s = 3000 GeV, ΛU = 1000 GeV.
Figure 17: The total cross-section as a function of the collision energy
√
s in (a) gg → Uh collision,
(b) gg → Uφ collision. The energy scale ΛU is chosen as 1000 GeV. The dU is chosen as 1.1, 1.2, 1.3,
respectively.
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Figure 18: The total cross-section as a function of ΛU in (a) gg → Uh collision, (b) gg → Uφ collision.
The parameters are taken to be
√
s = 3000 GeV, dU = 1.1.
Table 1: Some typical values for the cross-section with the contribution of the scalar unparticle in the
e+e− collisions at the ILC. The parameters are chosen as dU = 1.1 and the masses mh = 125 GeV,
mφ = 10 GeV.
Table 2: Some typical values for the cross-section with the contribution of the scalar unparticle in the
γγ collisions at the CLIC. The parameters are chosen as dU = 1.1 and the masses mh = 125 GeV,
mφ = 10 GeV.
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Table 3: Some typical values for the cross-section with the contribution of the scalar unparticle in the
gg collisions at the CLIC. The parameters are chosen as dU = 1.1 and the masses mh = 125 GeV,
mφ = 10 GeV.
APPENDIX A: Feynman diagrams
Figure 19: Feynman diagrams for e+e− → hh/φφ collisions through φ, h, U propagators, X stands for
the Higgs or radion. The figures (a), (b), (c) representing the s, u, t-channel exchange, respectively.
Figure 20: Feynman diagrams for e+e− → Uh/Uφ collisions, X stands for the Higgs or radion. The
figures (a), (b), (c) representing the s, u, t-channel exchange, respectively.
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Figure 21: Feynman diagrams for γγ → φφ/hh collisions through φ, h, U propagators, X stands for
the Higgs or radion. The figures (a), (b), (c) representing the s, u, t-channel exchange, respectively.
Figure 22: Feynman diagrams for γγ → Uh/Uφ collisions, X stands for the Higgs or radion. The
figures (a), (b), (c) representing the s, u, t-channel exchange, respectively.
Figure 23: Feynman diagrams for gg → φφ/hh collisions through φ, h, U propagators, X stands for the
Higgs or radion. The figures (a), (b), (c) representing the s, u, t-channel exchange, respectively.
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Figure 24: Feynman diagrams for gg → Uh/Uφ collisions, X stands for the Higgs or radion. The
figures (a), (b), (c) representing the s, u, t-channel exchange, respectively.
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